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BIOSENSORS HAVING REDUCED HAEMOCRIT EFFECT 

Field of the Invention 

This invention relates to the measurement of reactive species, 
especially where the measurement of the reactive species is interfered with by 
the presence of whole cells in the liquid mixture of which the reactive species 
is a part. More particularly, the invention relates to the measurement of 
glucose in whole blood and the use of a reagent on biosensor strips to reduce 
the unwanted effect of haematocrit. The invention can also be applied to the 
analysis of reactive species which are enclosed within whole cells, e.g., DNA, 
) RNA, cell components, so that the reactive species becomes available for 
analysis. 
Background 

Diabetes is the most common endocrine disease and is usually 
managed by a regime of insulin doses, via injection, nasal sprays or 
5 continuous infusion, coupled with glucose monitoring. The latter is usually 
carried out by applying a glucose sample from a finger to test a strip. The 
majority of these test strips are now sensors that combine an enzyme that 
undergoes a redox reaction, a mediator and an electrical circuit to monitor the 
reaction. 

:0 There is prior art on how the electrode structure may be formed. 

US4711245 describes a biosensor for the components of a liquid mixture. 

US4224125 describes an enzyme electrode system in which an enzyme such 

as glucose oxidase is used to sense glucose. US5820551 discloses such a 

strip electrode formed by screen-printing. 
25 There is also prior art on how the sample may be applied to the 

electrode structure. In particular, the sample may be applied to the device by 

means of a spreading layer as described in US6436256, or via a capillary fill 

chamber as described in EP01 70375. 

Many factors interfere with the results of such glucose tests, including 
30 drugs, vitamins, reducible substances other than glucose, and the amount of 

red blood cells in the sample. This last is known as the haematocrit effect. 

A number of means have been proposed, for overcoming the 

haematocrit problem, including: analysing the glucose in the complete sample 
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electrode structure a substance capable of lysing the red cells (US6436256); 
and incorporating into the reaction layer on the device a material capable of 
reducing the effect of the red blood cells (US51 20420). In this case, the effect 
of the red blood cells is diminished by the use of a hydrophilic high molecular 
5 substance that forms a diffusion barrier over the electrode surface. 
Summary of the Invention 

In this invention, the effect of the red blood cell interference is reduced 
by the use of a red cell-lysing agent that rapidly punctures the red cells and 
reduces the effect of the red cells in blocking the surface of the electrode. 
10 The effect is therefore achieved by red cell lysis and not by the formation of a 
diffusion barrier. 

Incorporating the lysing agent into or onto the electrode surface has not 
been carried out thus far, because of concerns that the lysing agent will itself 
interfere with the electrochemistry of the reaction and may not have sufficient 
1 5 time to act in reducing the effect of the red blood cells. 

According to the invention, a sensor comprises at least first and second 
electrodes and a volume therebetween for receiving a liquid sample, and 
which includes an agent that lyses cells, wherein the lysing agent is in or on 
the surface of the first electrode. 
20 The use of "first and second electrodes" does not refer to any specific 

orientation of the electrodes. Any reference to, say "first and second 
electrodes" may include more than one such electrode. 

In this invention, the lysing agent is incorporated in either of two ways. 

1 ) The agent is in a layer on the surface of the electrode. Such a 
25 layer may also optionally also include an enzyme and mediator. 

The enzyme and/or mediator may also be deposited in separate 
additional layers. 

2) Alternatively, the lysing agent may be incorporated into part of the 
Working electrode as in a printed graphite/carbon layer deposited 

30 on top of a further underlying carbon layer. When a sample is 

added to such an electrode, the lysing agent is released into the 
solution. In this manner, the lysing agent is incorporated into the 
structure of the working electrode. Such a printed carbon/graphite 
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layer may also have entrained within it a suitable enzyme and/or 
mediator. 

Incorporation of the lysing agent in this manner has a number of 
advantages. The lysing agent is available to function precisely at the place in 
5 the sensor where the electron transfer reactions are occurring, at the 
electrode. The lysing agent may be applied with other reagents, thereby 
reducing the costs of manufacture, since there is no necessity of applying it 
separately. 

In addition, the invention overcomes the disadvantage associated with 
10 devices where the spreading layer can come into contact with the patient 
sample, where there is the risk that patients may apply the sample and then 
lick their fingers to staunch the flow of blood, thereby contaminating their 
mouths with small amounts of lysing agent. If the lysing agent is held at the 
electrode, underneath such a spreading layer, this contamination cannot 

15 occur. 

Description of the Invention 

The lysing agent should be selected on the basis that it is 
electrochemically inactive at the potential at which the test strip operates, and 
provides a rapid lysing of blood. Saponin has been widely used as a lysing 
20 agent in diagnostic and analytical procedures. In this invention, it is preferably 
combined with a second, faster-acting agent such as digitonin or DNMG 
(decanoyl-N-methylglucamide) to produce a lysing agent that has a more 
rapid effect. This is of use in strips that have very fast reaction times. Cell 
lysis using this system takes place in a few seconds and therefore the reagent 
25 has application in devices whose reaction time is less than 10 or 5 seconds. 

For a complete reaction at an electrode, the lysing agent may be 
. combined with an enzyme. The reagents may comprise a redox enzyme 
(including where necessary one or more co-factors), a mediator (which may 
be oxygen from the air), buffer and stabilisers. Hydrophilic polymers (e.g. 
30 PVA, PVP, carboxymethylcellulose) may also be added to improve stability 
and to improve the linearity of the device. These materials may be added to 
the electrode by a number of techniques known in the art, including screen- 
orintina dosing and ink-jet printing. Volumes of material added are typically in 
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A number of factors may be taken into account in how the reagents are 
added, including the stability of reagents during the process, wastage of 
materials and cost and possible interactions between the materials. For 
example, certain mediators may, in liquid form, be known to be deleterious to 
5 certain enzymes; this precludes using a reagent system containing both. 
However, once dried on the electrode, such systems may be stable for long 
periods. For example, the mediator and enzyme may be added separately, 
e.g. in different layers, and then dried. 

Preferably, the lysing reagent may be combined with, and also contain 
10 one or more of: an enzyme of choice (e.g. glucose dehydrogenase or other 
redox enzyme); a hydrophilic polymer (e.g. PVA, PVP, 
carboxymethylcellulose) known to stabilise the enzyme and to improve device 
linearity; and a buffer. 

The reagent may be made up in an aqueous or organic solution and 
15 then dosed onto an electrode to form or complete the working electrode of a 
biosensor. In this manner, a device may be formed that reduces the 
interfering effect of whole blood on the device. 

Reagent may be applied to a device by any of the methods known in 
the art including, but not limited to, screen-printing, close proximity dosing, 
20 micro-dosing, ink-jet printing, lithography, and spray coating. The reagent 
may be applied to the electrode surface and is then typically air-dried at from 
20°C up to 50 or 60°C until dry. 

The reagent may be applied to devices fabricated by a number of 
means including screen-printed electrodes, etched micro-arrays and thin film 
25 electrodes. The size of the system may be limited by the size of the reagent 
dose that can be applied and the size of the electrode structure to which the 
materials are applied. Electrode structures having size dimensions down to a 
few microns can be used with such a system. 

A mediator or co-factor compound may also be included in the reagent 
30 applied to the electrode surface. Alternatively, the co-factor and/or mediator 
may be applied directly onto the biosensor surface. In this approach, a 
mediator may be applied to the electrode separately from the other reagents, 
and the other necessarv comoonents are aoDlied in subsenuent dosfts 
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In another embodiment of the invention, the mediator is applied to a 
carbon electrode and a subsequent layer of the electrode is applied by 
screen-printing a carbon/graphite layer containing a co-factor and then dosing 
on an enzyme to complete the electrode. The lysing reagent may then be 
5 dosed onto the electrode in a separate step. The lysing agent may be 
incorporated into the enzyme dose if it is not incorporated into the 

graphite/carbon layer. 

It will be understood by those skilled in the art that a variety of 

counter/reference electrodes may be used with these systems, including 
10 carbon, noble metal and Ag/AgCI systems. The size of the electrode 

structures is determined by the procedures used, including etching, printing 

and thin film techniques, and the electrochemical requirements of the device. 

These will allow for electrode structures down to a few microns across. 

Devices can be constructed using methods available in the art that 
15 have very small fill volumes (down to 50nL) and fast reaction times such as a 

few seconds. Amperometric methods of analysis may be used since it is no 

longer necessary to wait until the entire sample is used up in the reaction, as 

in coulometry. 

As will be understood by those skilled in the art, a device for use in the 
20 invention may be constructed with two or more electrodes. Additional 
electrodes may be used to check the filling of the device or to provide 
separate reference/counter-electrodes. 

The electrodes may be placed one behind the other, in order that the 
device is not "triggered" until fully wetted by solution. Triggering may also be 
25 delayed by the electronic circuitry for a short period (typically less than 3 
seconds) to allow wetting of the device and complete cell lysis. 

The construction of a suitable sensor is illustrated schematically in the 
drawings of WO02/14535 (the content of which is incorporated by reference). 
With reference to Figure 1, and in accordance with this invention, the working 
30 electrode 5 may comprise a carbon underlayer and a printed carbon overlayer 
containing lysing agent, and also a co-factor. Enzyme and mediator are 
dosed onto layer 5. Again with reference to its Figure 1, a spreading layer 
mpv hfi included in the sample area 1 , and air holes in the cover layer 2. 
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The invention is also of use in the analysis of any component of a liquid 
mixture in which it is necessary to lyse cells in order to carry out the analysis 
including the analysis of cell components (DNA, RNA, proteins, enzymes), or 
the removal of steric hindrance effects in an analysis by rupturing cells. 
5 The following Examples illustrate the invention. 

Example 1: Preparation of lysing reagent with enzyme 

A reagent solution is made up of glucose dehydrogenase apo-enzyme 
at 6000U/ml, 3.1mg/ml of PQQ cofactor, and CaCI 2 , to which a lysing mixture 
consisting of 1% saponin and 0.5% DNMG is added. 
10 Example 2 

The reagent described above is used to construct a sensor. An 
electrode structure consisting of a carbon electrode and an adjacent silver 
chloride counter/reference electrode is made by screen-printing on a plastic 
substrate. A mediator solution of Wurster's Blue is then made up by 

15 dissolving 10 mg of mediator per ml of water or buffer solution. 250 uL of 
mediator Wurster's Blue is then dosed on the carbon working electrode and 
air-dried at 50°C. 200nl of the solution described in Example 1 is then dosed 
onto the working electrode by syringe dosing and air-dried at 50 e C. 

The device is then covered with a mesh spreading layer and a cover 

20 tape with an air hole to allow egress of the air from the sample chamber when 
blood floods the chamber. This method of constructing a device is described 
in US6436256. Alternatively, the device is finished by constructing a capillary 
fill chamber over the electrode structure. The solutions may be added such 
that they cover all the electrode structure or just the working electrode. 

25 Example 3: Preparation of lysing agent with enzyme 

A solution containing enzyme and lysing agent is prepared as follows: 
50ml of NAD-dependent glucose dehydrogenase solution is made up in 
phosphate buffer. 312.5 mg of DNMG (Sigma) is then made up in phosphate 
buffer and dissolved in the enzyme solution together with 500mg PVP. 4.7 ml 

30 of gel-filtered saponin (Sigma) is then added to the solution and mixed by 
sonication. 
Example 4 

The mediator Meldola Blue is dosed onto a carbon electrode surface. 
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Additional solubility may be obtained by adding ethanol to the mixture. A 
typical solution consists of 0.1 g Meldola Blue dissolved in 100ml of a 
water/hydrocarbon mixture which is filtered and mixed by sonication. 200nl of 
solution is then dosed onto the carbon electrode by syringe dosing. A screen- 
5 printed layer of carbon, graphite, polymers and co-factor (NAD) is then 
screen-printed over the carbon to complete the structure of the working 
electrode. 

A reagent as described in Example 3 is then dosed (100-250 nl) onto 
the electrode containing PVP, glucose dehydrogenase and saponin/DNMG. 

10 The device is completed by applying a mesh structure as described in 
US6436256 or a capillary fill chamber. 

The response of this electrode was measured, when used with blood 
samples of different haematocrits. Without the lysing agent in the device, the 
haematocrit range (defined as a haematocrit that changes the device 

15 response by more than 1 5%) is typically 30-50%. With the lysing agent in the 
material, the haematocrit range extends to 20-60%. 
Example 5 

An etched thin film electrode structure made of gold is formed as 
described in US60201 10. This comprises a single working electrode or a gold 
20 micro-array of such electrodes. A mediator solution as described in Example 
2 is then applied to the structure and air-dried at 50°C. A solution containing 
enzyme and lysing agent as described in Example 1 is then dosed over the 
working electrode. The device is completed by a spreading layer or capillary 
fill chamber. 

25 



